Review
INTRODUCTION
2011. Statements on the definition and classification of cholesteatoma were developed by authors based on the literature review. Prepared questionnaires concerning cholesteatoma definition and classification were sent to EAONO members, inviting them to state their opinion for achieving consensus among them. Throughout the process, several committee meetings were conducted in Athens (2011) June 4-8, 2016 . Throughout the process, there has been an intense interaction among EAONO members on guideline development. The results of this process and the end-product of consensus statements were published [2] . After this publication, to develop a broader consensus among the otologists and neurotologists worldwide, the EAONO committee on consensus reached out to the Japanese Otology Society (JOS). An intense interaction and discussion among the members of EAONO and JOS led to the drafting of a consensus document that was presented and discussed at the panel in Edinburgh during Chole 2016. At the panel session, feedback regarding the joint EAONO-JOS consensus document draft and input from participants representing many countries and otologic societies were discussed. A separate manuscript was prepared as an outcome of this work.
Literature Review
To capture the published material on the definitions, descriptions, and classification of cholesteatoma, a literature review was conducted. The following terms were used in the literature review: cholesteatoma definition, cholesteatoma classification, cholesteatoma symptoms, cholesteatoma risk factors, and cholesteatoma diagnosis.
Medical Subject Headings (MeSH) is a comprehensive vocabulary used for indexing journal articles and books that has been created in the National Library of Medicine, USA, and is used by the National Center for Biotechnology Information (NCBI). The subject headings are hierarchically arranged. An electronic search of the English and non-English literature indexed in the Ovid-Medline database, Embase database, and Cochrane Library was performed.
We focused on "current definition" and "current classification". Therefore, the inclusion criteria established based on the papers published in last 10 years were at the top of the hierarchy (Table 1) . However, older literature that has been highly referenced in recent papers and the definitions and classifications proposed and used by prominent authors in the period last 10 years were also included. The studies that recruited patients from a relevant population and with a reference standard investigation to confirm or exclude the presence of cholesteatoma (histology, imaging, etc.) were included.
After the screening of abstracts was performed, full reports of studies that met the selection criteria were obtained. Only the studies that met all of the inclusion criteria (and none of the exclusion criteria) were included in the review. Two reviewers independently performed citation screening. The full manuscripts of all selected citations considered relevant by the reviewers were included in this report.
Identifying relevant papers: the study selection criteria (reasons for inclusion and exclusion) were specified a priori. The highest quality evidence and most current data regarding the diagnosis were analyzed among the working list that had been initially built.
Studies were included if they estimated the diagnostic accuracy of symptoms, signs, or investigations for detecting cholesteatoma. The following aspects were reviewed: clinical examination, surgical results, histopathology, and images that were interpreted by an experienced radiologist. The population included comprised both male and female, children and adults with a diagnosis of middle ear cholesteatoma, cholesteatoma confirmed by histopathological study or imaging. Cholesteatoma in animals was excluded. The problem of overlapping content and subsequent retrieval of duplicate records was done with the commercial reference management software program Reference Manager 12. Supplemental searches were conducted to identify national rates and other information relevant to performance measures.
RESULTS
In NCBI, the MeSH term "cholesteatoma" appears at two locations in the hierarchical tree: it is present in "Otorhinolaryngologic Diseases [C09]-Ear Diseases" and also in "Skin and Connective Tissue Diseases as Skin Diseases-a form of Keratosis". The following definition of cholesteatoma persists in the MeSH Descriptor Data: "a mass of keratin-producing squamous epithelium that resembles an inverted (suck-in) bag of skin in the middle ear. It arises from the eardrum (tympanic membrane) and grows into the middle ear, causing erosion of ear ossicles and the mastoid that contains the inner ear". In the second definition, the location of the lesion is accented: "frequently occurring in the meninges, bones of the skull, and most commonly in the middle ear and mastoid region". The fact that "cholesteatoma can be congenital or acquired and is not a tumor associated with high cholesterol" is also emphasized.
Initial scoping searches were executed to identify relevant guidelines concerning cholesteatoma produced by other development groups (local, national, and international) and establish relevant definitions. However, there were no guidelines concerning cholesteatoma itself in popular databases. "Imaging of non-operated cholesteatoma: clinical practice guidelines" prepared for the annual congress of the French Society of Otolaryngology Head and Neck Surgery in 2010 by a panel of experts from the society was the only published guideline accessible [3] . The search strategy developed based on MeSH terms identified in the scoping search, cholesteatoma, congenital cholesteatoma, acquired cholesteatoma, definition, and classification, yielded 6061 references in Medline. Articles published in last 10 years were selected (from 2002 to 2013), and based on a previous selection study, 1544 articles were included.
Definitions
Cholesteatoma concerning the shape and form of the lesion has been termed as a growth of abnormal keratinizing squamous epithelium with a collection of keratin debris [4, 5] , cystic lesion [5] , three-dimensional structure [6] , cystic mass with a surrounding inflammatory reaction [7, 8] , middle ear tumor [4] , form of chronic otitis media [3, 9, 10] , and "epidermoid cyst" [11] . It was called "skin in the wrong place" [12] . Cholesteatoma comprises layers of epithelial cells with the accumulation of differentiated keratin debris, " similar to the epidermis of the skin [13] . The significant component of the formation is subepithelial connective tissue, perimatrix [8] . Cholesteatoma was also determined as a "chronic wound healing process" [6] that replaces middle ear mucosa and resorbs underlying bone [14] . It was also defined as an "aggressive form of chronic otitis media requiring surgical therapy" and as a "subcategory of chronic otitis media " [3, 15, 16] . Many clinical, biochemical, and imaging abnormalities are typical for chronic otitis media, cholesteatoma. Chronic otitis media usually coexist in most individuals, especially in those with acquired one [10] . Therefore, with cholesteatoma is present concurrent with chronic otitis media and manifests itself with purulent otorrhea, tympanic membrane perforation, and/or hearing loss.
Preciado suggested that cholesteatoma formation was related to both internal molecular dysregulation and external stimuli in the form of pro-inflammatory cytokines, growth factors, and/or bacterial toxins [7] . Florid inflammation and angiogenesis are distinctive features of the condition in most cases. It is also believed that the inflammation associated within the perimatrix of cholesteatoma induces bone resorption [17] . It is suspected that an early treatment of the inflammatory process of the ear may probably prevent the development of hyperplastic destructive epidermis [7] . Authors of the Cochrane Library article present the following definition: "a destructive formation of layers of keratinizing epithelium, accumulating in the middle ear and mastoid" (referencing Bluestone, 1996) [15] . Authors also describe cholesteatoma as an "active squamous (epithelial) chronic otitis media" (referencing Browning, 1997) [15] . Surgical revision is important and often required for the definitive diagnosis and to differentiate chronic suppurative otitis media (CSOM) with or without cholesteatoma. There are often no specific clinical indicators preoperatively to distinquish CSOM with cholesteatoma from CSOM without cholesteatoma. Cholesteatoma was not evident until surgical exploration was conducted in around 24% of cases in the study conducted by Khan et al. [18] . Therefore, surgical exploration appears mandatory for the final diagnosis of cholesteatoma.
It is universally accepted that cholesteatoma is non-neoplastic, noncancerous, and a "histopathologically benign" lesion that is "destructive" and "locally invasive" [4, 19] . Potential complications may be life-threatening, "causing damage by passive growth and active destruction of adjacent structures" [20] . Alterations of specific molecule expression levels, as for example detected altered level of p27 in keratinocytes of cholesteatoma may influence the proliferative state of cells and suggest a molecular pathology in cholesteatoma [21] . There is an imperative need for cellular and molecular research to develop new therapeutic strategies [19, 21] .
With respect to its histopathology, cholesteatoma was defined as "containing layers of keratin in a cavity lined by squamous epithelium and subepithelial connective tissue" [19] , "development of a Malpighian epithelium" [3] , lesion "formed from keratinizing stratified squamous epithelium, the matrix of which comprises epithelium that rests on a stroma with varying thickness and is called the perimatrix" [8] . Symptoms such as otorrhea, deafness, or conductive hearing loss were also suggested to be included in the definition of cholesteatoma [22] .
The early form of advanced retraction pocket in the absence of bony destruction and expansion may be defined as "precholesteatoma" [23] . Black and Gutteridge called pre-cholesteatoma as the "final phase of collapsing tympanic membrane process before perforation with hyperkeratosis" [24] . The term "precholesteatoma" was used for "the condition with disturbed migration of the surface epithelial cells and self-cleaning property in the retraction pocket leading to an accumulation of keratin within the retraction pocket" [25] . Clarós suggested the precholesteatoma be defined as "the retraction of Sharpnell membrane with disturbed epithelium migration, accumulation of debris, crust formation, infection behind the crust, and proliferation of epithelium keratinization" [26] . A clear and short definition was the "retraction pockets that accumulate keratin debris" used by Rosenfeld and Bluestone [27] . Belal et al. [28] in their new staging of tympanomastoid cholesteatoma used the term precholesteatoma as a synonym for retraction pocket. Precholesteatoma was also defined as the development of an epitympanic retraction pocket or that of a facial recess retraction pocket after the surgical opening of the facial recess [24] . It may be controversial and not easy to predict the role of precholesteatoma in the pathogenesis of cholesteatoma. However, it seems acceptable to consider precholesteatoma as a "stage of retraction pocket with/without invisible depth or partially visible depth, with/without bony erosion, with early signs of loss of self-cleaning ability without apparent accumulation of keratin debris" [2] . Differences between residual and recurrent cholesteatoma have also been noted and discussed in the literature. Residual cholesteatoma is considered as the incomplete local resection of pathological squamous epithelium at the time of surgery [10, 29] . However, "recurrence" is defined as the development of cholesteatoma after complete sur-gical removal and when a newly formed lesion arises from the retraction pocket [10] . The "tendency to recurrence" is also a designation often mentioned during cholesteatoma description [29] . Cholesteatoma recurrence after surgical treatment is still a highly debated issue. In children, the factors associated with an increased risk for residual or recurrent cholesteatoma are the location of cholesteatoma in the sinus tympani and the presence of incus destruction [30] .
Classification
Cholesteatoma is primarily classified as congenital and acquired [20] . Acquired cholesteatoma is subdivided into primary and secondary [8, 20] based on the presence or absence of a perforation and the migration of the epithelium into the middle ear through the perforation. Middle ear acquired primary cholesteatoma was described as a sequel of the tympanic membrane retraction that would accumulate the desquamated epithelium and lose its self-cleaning ability, whereas acquired secondary cholesteatoma was considered as the result of migration of the epithelium through a marginal perforation in the tympanic membrane [20] . Congenital cholesteatoma is defined as a developmental defect wherein an epithelial rest is entrapped in the middle ear cleft during embryogenesis. This is the most plausible explanation because of the persistence of fetal epidermoid formation and the presence of rests of keratinizing squamous epithelium before birth that grow over time [5, 19] . It is described as "a whitish mass lesion in the middle ear cleft behind an intact tympanic membrane early in life", a "keratinous mass located behind an intact tympanic membrane", an "epidermal inclusion cyst", and a "cystic epidermoid growth" [5, 31] . The criteria proposed by Levenson et al. [32] and accepted by many clinicians are as follows: "(1) a white mass medial to normal tympanic membrane, (2) a normal pars flaccida and pars tensa, (3) no prior history of otorrhea or perforation, (4) no prior otologic procedures, (5) exclusion of canal atresia and intramembranous and giant cholesteatomas, and (6) prior bouts of otitis media were not grounds for exclusion". Congenital cholesteatoma is most commonly described as being located in the middle ear cavity, i.e., a colloquial keratin pearl in the anterosuperior quadrant of the mesotympanum juxtaposed to the malleolar manubrium or in the second-most common location of posterosuperior quadrant behind an otherwise healthy appearing eardrum [32, 33] . Clinical presentation is determined by the location and extent of the lesion [34] . It may be characterized by abnormal otoscopic examination, white mass medial to normal tympanic membrane, and more rarely pain (either neck or ear) and conductive hearing loss [34, 35] .
The clinical classification of cholesteatoma is very important in planning the surgical treatment method, assessing the results of a specific treatment method for a specific classification, reporting to the scientific community, and comparing the outcomes of different surgeons and institutions. Classification is often described based on the location of the cholesteatoma. Cholesteatoma may spread beyond the temporal bone, and this spread may be extradural or intradural. Extradural extension of cholesteatoma most commonly originates from the middle ear cleft and mastoid but may originate from all portions of the temporal bone, including the petrous apex and external ear canal [5, 8] .
Literature review showed that there was lack of standard for the classification system. However, in clinico-operative studies, different staging and classification systems are used ( Table 2 ). The classification based on the site of cholesteatoma origin, which considers it as an important factor for the surgical procedure and prognosis, was proposed by Tos and Lau [36, 37] . It includes the definitions of attic, sinus, and tensa cholesteatomas. Attic cholesteatoma is a result of the [28] Site-OssiclesSaleh and Mills [44] Complications (SOC) classification System
Telmesani et al. [45] Telmesani et al. [45] Location of origin on the tympanic membrane Attic cholesteatoma Tos and Lau [36] Pars tensa I cholesteatoma (marginal disease)
Pars tensa II (central disease)
Direction of extension of disease Attic Lau and Tos [37, 46] Pars tensa
-Tensa retraction cholesteatoma -Sinus cholesteatoma
Origin and location of disease Pars tensa Mills and Padgham [47] -Marginal -Central
Congenital
Extent of involvement Pars tensa Black and Gutteridge [48] Attic Sudhoff and Tos [49, 50] Combined attic/ pars tensa
Inflammation status
With infection Rosenfeld and Bluestone [27] Without infection retraction of the pars flaccida or Shrapnell membrane, extending to the attic, going through the aditus, and eventually reaching the antrum, mastoid, or tympanic cavity. Tympanic sinus cholesteatoma is a sequel of posterosuperior retraction or perforation of pars tensa, extending to the tympanic sinus and posterior portion of the tympanic membrane. Tensa cholesteatoma is the pathology that arises from the retraction and total adhesion of the pars tensa of tympanic membrane involving the tympanic orifice of the auditory tube [36, 37] . The exact recommendations for the histopathological examination and imaging are not formalized. The question concerning the clinical utility of routine cholesteatoma histopathologic evaluation was explored by Kircher et al. [38] . Good correlation between the surgeon's intraoperative findings and pathologist's histopathologic diagnosis of cholesteatoma was proved. The current data confirms that the histopathological analysis is not mandatory required for the diagnosis of cholesteatoma in the absence of concerns pertaining to other pathologies [38] . Non-contrast-enhanced temporal bone computed tomography has its limitations with a soft tissue lesion and does not show any pathognomonic bony erosion pattern for cholesteatoma. The "gold standard" method adopted by clinicians for the accurate diagnosis of cholesteatoma is still combining a "detailed otologic history, physical examination of ears, and the temporal bone computed tomography findings interpretation" [39, 40] . Echo-planar diffusion-weighted magnetic resonance imaging is also a valuable technique for cholesteatoma imaging [41] .
DISCUSSION
A systematic review of the literature for the therapeutic options of a disease or illness has established principles. Systematic reviews and meta-analyses are key elements of evidence-based healthcare. The adjective "systematic" implies conducting the review based on a clearly formulated question, identifying relevant studies, appraising their quality, and summarizing the evidence using explicit methodologies. The term "systematic review" implies obeying the predefined rules [42] .
The literature review for definitions and classifications does not meet all criteria required for systematic review. Definitions and classifications that are published are not comparable based on the level of evidence. There are no randomized blinded clinical trials to test one definition or classification or the other. Instead, definitions are key initial elements of any scientific study or correspondence that are assumed to be agreed upon upfront. Although they may not be subject to clinical trials, they are essential elements of the scientific language.
In this review, we inquired about a set of terms related to the cholesteatoma hierarchy of evidence for the terms relevant to its definitions and classification. Even if the methodological quality and the name "systematic review" may be disputable, the use of this study for definitions and classification is an essential step in exploring a consensus on staging, treatment methods, and reporting of outcomes.
This literature review on the definitions and classification of cholesteatoma was performed to create the online survey for EAONO members [2] . Constructing sentences for the survey were based on the valuable considerations of existing researchers of this issue. Although a consensus was achieved among EAONO members on the definition, this effort failed regarding its classification [2] . Leaders in the field should make an effort to develop a classification of cholesteatoma, utilizing the useful aspects of various existing classifications [43] [44] [45] [46] [47] [48] [49] [50] .
There are a number of limitations in attaining a consensus among the members of the society on the definition and classification of cholesteatoma. These include but are not limited to having inadequate or outdated knowledge and an understanding of the underlying pathophysiology, having been trained under a specific school of otology, having not had ongoing postgraduate training, not being up-to-date on the current discussions and publications. The lack of convincing evidence for some definitions and classifications over others may be highly significant. The task of overcoming these limitations continues to primarily lie with the academic and scientific institutions and leading professional societies. 
